Abstract
To test if killer shrimp were more attracted to conspecifics under the threat of predation, we the tank we attached two tea balls (diameter 5cm) and drew two lines in the tank to notionally 1 4 3 divide it into three equal sectors, two choice zones associated with the tea balls, and a middle introduced in one of the two tea balls chosen at random, while the other one was left empty. shrimp was recorded for 10 minutes with an overhead GoPro camera, as above. The time 1 5 0 spent in each of the three tank zones was used to describe its behaviour: the time spent in the 1 5 1 side containing the tea ball with conspecifics was interpreted as measure of attraction for 1 5 2 group protection, the time spent in the central part was interpreted as neutral behaviour, and conspecifics. After each trial, the position of the two tea balls was alternated to control for between sessions to reduce aggressive behaviour due to confinement. We used R 3.3 (Team 2017), for analysis. For both experiments, we used a paired t-test to 1 6 1 examine if (1) killer shrimp spent more time hiding than swimming when they were exposed 1 6 2 to fish kairomones than when they were exposed to blank water (Experiment 1), and if (2) 1 6 3 attraction to conspecifics was stronger when the killer shrimp were exposed to kairomones 1 6 4 from a fish predator than when they were exposed to dechlorinated water (Experiment 2) . Experiments were carried out in accordance with Swansea University's Ethical guidelines native communities, were disposed through incineration. Killer shrimp spent significantly more time hiding when the water was conditioned with
kairomones from a predatory fish (mean time ± 95CI = 543.45 ± 13.7 s) than when they were 1 7 8 tested against blank water (mean time ± 95CI = 386.75 ± 18.5 s; behaviour x treatment 1 7 9
interaction F 1,76 = 544.02, P < 0.001; Figure 2 ). Controls spent 50% of their time hiding and 1 8 0 50% swimming (t 19 = 1.416, P = 0.173), whereas when they were exposed to fish kairomones 1 8 1 they spent 91% of their time hiding and only 9% swimming (t 19 = 34.789, P < 0.001). Our study shows that within 6 years (approximately 20 generations) of their introduction into 1 9 2 a novel area in Britain killer shrimp display a strong tendency to hide when they are exposed
to the chemical scent of a native predatory fish (the three spined stickleback), but not when 1 9 4 they are exposed to dechlorinated water. Given that no evidence of predator avoidance was 1 9 5 detected on the same population in relation to the scent of non-predatory Nile tilapia (Rolla et constitutes an evolved, adaptive trait. Much of our knowledge on the invasive killer shrimp refers to its role as a predator,
there is little information regarding its role as a fish prey. This is unfortunate because appearance could make them easier to detect, or make them more attractive, to native are typically larger than native freshwater gammarids (Devin et al. 2003) , and this might 2 2 0 make it easier for visual predators to detect them. However, native predators may also be 2 2 1 reluctant to feed on novel prey due to neophobia (Champneys et al. 2018) , and this could Clearly, the role of predation on invasion dynamics is difficult to predict, but learned to chemically recognise a range of novel predators during its long invasion of Europe. Given that the three-spined stickleback is also widespread in continental Europe, our study 2 4 4 cannot rule out that the observed predator recognition was acquired in Britain, or represents an older behavioural legacy from previous invasions. Two common anti-predatory strategies in amphipods are to reduce mobility and killer shrimp spend more time hiding and less time swimming when they were exposed to equivocal. Unlike Gammarus pulex, which become increasingly aggregated when exposed to 2 5 5 stickleback kairomones (Kullmann et al. 2008) , killer shrimp in our study showed the same 2 5 6 strong preference to remain in the vicinity of conspecifics even when there was no immediate 2 5 7 threat of predation. Exposure to bullhead kairomones also failed to elicit an increase in killer (2017) have shown that killer shrimp prefer to hide in response to predator cues, rather than 2 6 0 aggregate, when refuges are present, and that they aggregate when there are no shelters and 2 6 1 staying in a group is the only antipredator strategy possible. It is possible that aggregation 2 6 2 behaviour in the killer shrimp depends on the availability of shelters, but also on the risk of 
